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A recent study (1) concluded that "the need to improve science education should be a national priority" and suggested that "scientists, engineers and educators make a significant personal and institutional commitment to participate in science education activities." In the spirit of this report, regular and joint-appointee members of the faculty of the Department of Physiology and Biophysics within the University of Kentucky College of Medicine offered a Physiology Summer Workshop during the summer of 1989. By any measure the effort was well received. This report describes our objectives and approach to the workshop plus changes that we intend to implement in our 1990 program.
Objectives
In our initial planning, a major goal was to strengthen ties with science faculty at local colleges in hopes that these individuals could inform their students of the opportunities for graduate education at our institution. However, since enthusiasm for scientific careers either evolves or wanes at precollege levels, it became apparent that there would be definite advantages to including high school teachers. The science consultant for the Kentucky Department of Education brought to our attention that outstanding biology teachers often lack substantive background in physiology, and as a consequence, the high school anatomy-physiology courses are being subjugated to anatomy. Therefore, in the course of designing the &&day session, we broadened the scope of our effort to include the development of cooperative relationships among physiology and biology faculty members at University of Kentucky, regional colleges, and high schools with respect to resources, teaching, and research. Our specific objectives for the workshop were to 1) Selectively review and update fundamental concepts of organ system and cellular physiology for the enhancement of both professional development and course content.
2) Introduce the concept of integrative studies.
3) Provide the opportunity for each participant to perform laboratory experiments which emphasize hypothesis testing. The experimental designs should be simple and suitable as demonstrations in high school settings or as laboratory exercises in colleges with limited equipment.
4) Demonstrate computerized physiology-teaching programs.
5) Acquaint participants with opportunities for obtaining funds from private and public sources to support classes on the integrative nature of physiology stressed the development of teaching methods, includi ng the use of medical case histories (2-.4), the interplay between organ systems (5), and the application of physiology to other disciplines.
McGraw-Hill publishers provided each participant with a copy of Human Physiology-The Mechanisms of Body Function (6); while not used as a text as such, it did serve as a ready reference for those who needed a summary of current concepts. Copies of other current texts or monographs were made available for each organ system. Each faculty member provided a handout that typically had been developed from previously taught courses.
Fields of specialty and degrees varied considerably (Table 1 ). The college faculty held 19 doctoral degrees and 6 master's degrees over 10 fields of study. Most of the high school faculty held a baccalaureate in a basic science; four held a master's degree in their field, and several held a master's degree in education. A few of the teachers had taken an undergraduate physiology course, and two had worked in biomedical research, but the majority had previously had no formal exposure to physiology. The diversity in backgrounds enriched the texture of interaction during the workshop, but it also taxed the creativity of the instructors with respect to generating a stimulating yet comfortable level of presentation.
Workshop Schedule and Content
The 3-h morning lecture sessions focused on three to four topics within each organ system: circulatory, respi-
The laboratories were held each afternoon. Immediately before the first lab, the director of the University of Kentucky Division of Laboratory Animal Resources gave a brief summary of the relevant regulations governing use of animals in teaching and research. All of the experiments that were performed during the workshop conformed to current state statutes for the use of animals in college laboratories or in high school facilities that are under the direct supervision of trained personnel. The laboratories consisted of an experimental station for every four teachers. This small group size was considered optimal to provide "hands-on" participation for each individual. Each participant was provided with a laboratory write-up that included both protocols and a list of the necessary equipment and supplies. Computerized teaching programs were also introduced during the afternoons.
Equipment and funding needs for research and edu- The American Physiological Society (APS) provided each teacher with information packets that included a sample copy of News in Physiological Sciences, a descriptive brochure describing the APS, and membership application forms. The faculty stressed the interest of the Society in developing stronger programs for teachers at the undergraduate level. Because one of our goals was to promote interaction among participants and faculty, we arranged for a continental breakfast and refreshment breaks each day. We also hosted a wine and cheese reception on the fourth evening.
Course Credit
Three types of credit were offered through the workshop. Participants who met admission standards for the Graduate School and who were willing to pay tuition and submit written work were eligible for up to 2 h of graduate credit. Six high school teachers and one college instructor took advantage of this option. Continuing-education units, which appealed to only two individuals (a teacher at a private high school and a pharmacist), were available for a $10 fee.
Professional development credits for public high school teachers were defined by in-service hours. Each school district had to approve the program individually. This was accomplished simply by a letter of request, which we included in the promotional packets. Additionally, the school districts required records of hours in attendance for each participating teacher. Certification forms were provided at the end of the workshop. We made a major effort to keep participant costs down. The university provided dormitory housing, and a local inn offered rooms at discounted rates. Need-based financial assistance was available upon a letter of request, but the Title II funds of local school districts covered regis- Table 4 excerpts summaries from the evaluation forms. These self-reports (which include 14 typed pages of individual comments) from both the college (n = 26) and the high school respondents (n = 17) reveal a generally enthusiastic appreciation for the workshop. Nearly all the participants felt that the workshop was something they would gladly recommend to their colleagues, and we have received a number of inquiries regarding a workshop next year. tration fees, lodging, and meals for their respective teachers, and most of the colleges provided allowances for their faculty members. We received and honored three requests to cover the cost of graduate school tuition.
The costs of the workshop, exclusive of personnel time, are listed in Table 3 . Follow up expenses, such as laboratory demonstrations to visiting classes or other assistance that has been requested, are not included.
Evaluations
Evaluation forms were distributed to the participants at the end of the week's session. There were 50 questions that ranged from determining whether attendance had contributed to the participant's knowledge of specific concepts to whether the participants would use what they had learned to convey important physiological concepts to their students. Two questions were addressed exclusively to high school teachers and were designed to ascertain whether the workshop had served as an impetus to increase both the physiology content of high school courses and the use of a laboratory curriculum in those courses.
The data suggest that the faculty successfully met the objectives of updating physiological concepts and summarizing research for both professional development and classroom content. Positive responses (a score of 4 or 3) to queries on specific concepts range from 56 to 100%. The average percentage of favorable responses is 72 among the college faculty and 89 among the high school faculty. All but two of the respondents indicate that what they learned would be conveyed to their students. Statement 3 in Table 4 shows that the college faculty found the laboratory sessions to be applicable to their own classes. The high school faculty felt limited by equipment resources and they did not feel the laboratory curriculum could be readily reproduced within the restrictions of the traditional school setting, but Statement 5 indicates that at least 71% of them were motivated to increase the amount of time that their students spend in the laboratory.
Even more gratifying than the formal evaluations have been the many subsequent reports from participants that they have, indeed, incorporated workshop material into their courses. One high school teacher, who is also head of his science department, called to say, "I have revamped my entire course! The kids are dropping by to tell me that this is the best science class they have ever had!" He continued, "I've talked to some others who have done the same thing." In addition, we've had several requests we heard comments on the paucity of funds available for research and science education. Those who attended the sessions on grants and Title II monies overwhelmingly indicated that the information that we presented would be helpful. However, obtaining financial support is not an easy task, and much will depend on the aggressiveness and creativity of the individual.
The unique mixture of college and secondary faculty opened some doors to communication.
Many of the college faculty expressed appreciation for the presence of the high school teachers. They gained not only first-hand knowledge of what to expect from incoming students but also some insight into the goals and educational approach to science at the secondary level. Although early in the week some of the high school teachers felt "timid" about asking questions in "a class full of PhDs," they welcomed the expertise with laboratory equipment and explanations on some of the finer points of physiology. Both groups engaged each other in active dialogue and exchanged ideas on various methods, which might stem or reverse the continuing decline in science and technology education. We hope that interaction will continue and that, eventually, collaborations will form between high schools and area colleges. Only time will tell whether workshops like ours will ultimately augment the number of youths seriously interested in science careers, but we have seen reason to be optimistic.
Two of our participants have already brought 30 of their high school honor students to participate in respiratory, cardiac, and neurophysiology laboratories. Students were both surprised and excited at "how interesting physiology can be," and a few of them inquired about career opportunities.
Sophomore biology students from a private Kentucky college are also scheduled to visit during this academic year. Establishing continuing interaction with our participants was one of the prime goals of the workshop.
Possible Modifications
In contemplating the next Physiology Summer Workshop we anticipate making the following changes.
1) The college and high school teachers will meet separately for 2 h each morning, so that lectures can be more closely tailored to the individual needs of each group; the last hour of each morning's session will be devoted to a joint lecture on a research topic of interest to both groups.
2) The composition of the afternoon laboratory groups will be controlled more closely to ensure that each includes at least one college teacher whose experience should be valuable to the high school teachers in the group.
3) The appropriateness of a set of laboratory exercises provided by Intelitool (Batavia, IL) and marketed specifically for high school and college classroom use will be explored in the afternoon laboratory sessions. 4) The social "mixer" will be shifted to the second evening with a formal dinner scheduled for the fourth evening. These changes would help stimulate the early development of personal interactions between the faculty and participants. 5) Our faculty will offer to perform laboratory experiments and/or demonstrations on-site for a limited number of participating teachers during the 1990-1991 school year. The teachers' summer workshop experience will enable them to provide their students with the necessary background information. In summary, Physiology Summer Workshop was held for a group of high school and college teachers. It was successful beyond our expectations.
Although the time available was somewhat restrictive, the response of participating teachers indicates that a variety of needs was met. We anticipate that through this type of effort the quantity and quality of applicants to our graduate program from the participants' institutions will eventually increase.
